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On September 30, 2002, the State Air Pollution Control Board adopted an opacity 
variance (9 VAC 5 Chapter 220) for the rocket motor test operations at Atlantic Research 
Corporation’s Orange County facility from the standard for visible emissions in 9 VAC 5-
50-80.  In lieu of compliance with this standard, the variance required the facility to limit 
total particulate matter emissions from its rocket motor test operations to 714 pounds per 
hour.  Subsequently, the facility was purchased by Aerojet Corporation. This variance was 
submitted to the U.S. Environmental Protection Agency (EPA) as a revision to the Virginia 
state implementation plan (SIP) on January 26, 2004. 
 
The January 2004 SIP submittal contained a technical support document (TSD) that 
provided a basis for proposed hourly limit for particulate matter emissions from the rocket 
motor testing operations.  In conducting its administrative and technical review of the 
submittal, EPA determined that the technical support document did not provide adequate 
air dispersion modeling information.  On April 20, 2005, the company provided a more 
comprehensive TSD, “Technical Support Documentation for Opacity Variance for Rocket 
Test Facility,” which is attached. 
 
This TSD was reviewed by EPA, which provided a number of questions and comments.  
One of the comments was that the OB/OD Model software program used to estimate the 
PM emissions from the rocket motor testing operations was is not an EPA-approved 
model. 
 
On May 5, 2008, the Department of Environmental Quality requested EPA approval of an 
alternative air quality model for analyzing air quality in support of the variance.  EPA 
approved this request on July 24, 2008; a copy is attached. 
 
On August 29, 2008, the company provided responses to the remaining EPA comments, 
which is attached. 
 
These documents provide the information necessary for EPA to complete its review and 
the SIP approval process.  The documents have been reviewed by the Department of 
Environmental Quality; the department agrees with the company’s modeling procedures 
and results. 
 
The TSD includes references to the PM10 annual NAAQS.  All references to the annual 



PM10 NAAQS should be disregarded due to the fact that EPA revoked this standard on 
December 18, 2006. 
 
The Aerojet modeling analysis demonstrates that emissions from the facility do not cause 
or contribute to a violation of the 24-hour PM10 NAAQS.  The modeling of PM10 was used 
as a surrogate for demonstrating compliance with the PM2.5 NAAQS pursuant to the DEQ 
and EPA surrogate policies outlined in Air Guidance Memo No. APG-307 (“Interim 
Implementation of New Source Review for PM2.5”, October 12, 2006).  Specifically, a 
compliance demonstration with the PM10 NAAQS represents a compliance demonstration 
with the PM2.5 NAAQS.  It is also important to note that annual PM10 impacts were below 
EPA’s significant impact levels at all offsite locations. 
 
Lastly, Aerojet is located in Orange County, Virginia, which is designated as attainment 
with respect to the annual and 24-hour PM2.5 NAAQS.  Emissions from this facility are not 
expected to cause or significantly contribute to a violation of the PM2.5 NAAQS locally or 
regionally.  The nearest nonattainment area (Washington, D.C. metropolitan statistical 
area) is located approximately 50 miles northeast of Aerojet, and impacts from the facility’s 
emissions at a downwind distance of 50 miles are expected to be insignificant. 
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Inventory of Enclosed Documents 

 
Technical documentation provided by Aerojet on April 20, 2005 in support of the Opacity 
Variance for the rocket motor test operations at the Orange County facility are listed below and 
are available in electronic form: 
 
(1). OB/OD Modeling Study dated March 1999 
 

1.1 Modeling Protocol and Discussion of Results 

1.2 Site Map of Orange County Facility 

1.3 Output Files for OB/OD Modeling Runs for Particulate Matter (PM10) for 
Calendar Years 1987 Through 1991 

 
(2). Revised OB/OD Modeling Study dated June 2002 
 

2.1 Modeling Protocol and Discussion of Results 

2.2 Site Map of Orange County Facility 

2.3 Output Files for OB/OD Modeling Runs for Particulate Matter (PM10) for 
Calendar Years 1987 Through 1991 

2.4 Output Files for OB/OD Modeling Runs for Particulate Matter (PM100) for 
Calendar Years 1987 Through 1991 

2.5 Output Files for OB/OD Modeling Runs for Particulate Matter (PM1000) for 
Calendar Years 1987 Through 1991 

2.6 Input and Output OB/OD Files for All PM Modeling Runs Conducted in 2002 
(Four Files Per Run) 

 
(3). Meteorological Data Files for Dulles Airport for Calendar Years 1987 through 1991 
 
(4). OB/OD Modeling Software and Associated Information 
 

4.1 Current Version of OB/OD Modeling Software (Version 1.3.0021 Dated January 
2005) [earlier versions of program were used for 1999 and 2002 modeling 
studies] 

4.2 User’s Guide for OB/OD Model (Two Volumes) 
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Response to EPA Comments 

 
EPA Region III has reviewed the air dispersion modeling data submitted by Aerojet to the DEQ 
on April 20, 2005.  The EPA has some technical comments on the modeling studies for the 
Orange County facility.  Aerojet’s responses to the EPA’s comments (as provided to Aerojet by 
DEQ) are addressed below: 
 
(1). Comment :  The OB/OD Model was used to estimate the PM emissions from the rocket 

motor testing operations.  This software program is not an EPA-approved model. 
 
Response:  Aerojet acknowledges that the OBOD Model is not an EPA-approved 
software program.  However, it is the only dispersion model designed for use in 
evaluating the potential air quality impacts of the firing of solid rocket propellants.  It has 
become the industry standard, and is generally recognized by the EPA as the appropriate 
model for simulating propellant combustion for regulatory applications.  The OB/OD 
program meets the EPA’s Guidelines on Air Quality Models (40 Code of Federal 
Regulations, Part 51, Appendix W). 
 

(2).  Comment :  The modeling was not run at standard air pressure of 1,013 mb.  Instead, a 
very low pressure of 870 mb was used.  Also, a relative humidity of 50% was utilized.  
This value might not be representative of the site conditions. 
 
Response:  The air pressure and relative humidity settings used in the OB/OD model 
studies were default values. 
 
As part of this response to comments, Aerojet conducted several preliminary OB/OD 
modeling test runs to evaluate the sensitivity of changes in the air pressure and relatively 
humidity settings on the predicted ambient air concentrations of PM.  The results of the 
test runs are summarized herein in Table #1.  The use of standard atmospheric pressure 
(1,013 mb) rather than the default value (870 mb) increased the PM modeling results 
between 6% and 14%, depending on the time averaging period.  A change in the relative 
humidity from 50% (default value) to a more representative value (75%) had no 
appreciable effect on the PM modeling results.  (Refer to the response to Comments #3 
for the overall impact of changes in the pressure and humidity values and accounting for 
PM background concentrations, followed by comparison to the applicable NAAQS.) 
 
In order to address any potential regulatory concerns, updated OB/OD modeling for the 
Orange County facility was performed for the rocket testing operations using standard 
atmospheric pressure (1,103 mb) and a more appropriate relative humidity value (75%).  
The modeling results are provided in Table #2.  (The OB/OD modeling was otherwise 
performed in accordance with the 2002 modeling protocol submitted to DEQ as part of 
the aforementioned April 2005 data package.) 
 



(3). Comment :  Background concentrations of PM were not accounted for in the OB/OD 
modeling studies. 

 
Response:  The DEQ provided Aerojet with background concentrations for PM10 that are 
representative of the ambient air at the Orange County facility.  These values were added 
to the updated OB/OD modeling results to determine the total PM concentrations.  The 
data are presented herein in Table #3. 
 
The total ambient air concentrations of PM10, including the background PM, from the 
rocket motor testing activities are less that the applicable National Ambient Air Quality 
Standards (NAAQS).  Therefore, the rocket motor testing operations will not cause or 
contribute to any exceedance of these Standards. 

 



Table #1 – Preliminary Comparison of Changes in Predicted Ambient Air Concentrations of 
PM10 Due To Adjustments in Air Pressure and Relative Humidity Settings (A-D) 

 Baseline Test 1 Test 2 Test 3 

Pressure (millibars) 870 870 1,013 1,013 

Humidity (%) 50 75 50 75 

1-Hour Average PM10 (ug/m3) 175.38 175.38 200.28 200.28 

Relative Change (%) - ±0.0 +14.20 +14.20 

24-Hour Average PM10 (ug/m3) 7.31 7.31 8.35 8.35 

Relative Change (%) - ±0.0 +14.23 +14.23 

Annual Average PM10 (ug/m3) 0.4845 0.4840 0.5132 0.5124 

Relative Change (%) - -0.11 +5.93 +5.76 

 
(A). Maximum ambient air concentration of particulate matter (as PM10) at ground level as predicted by the Open 

Burn/Open Detonation (OB/OD) dispersion model.  Concentrations are reported in units of micrograms per 
cubic meter (ug/m3).  Modeling was conducted using meteorological data for Dulles Airport for calendar 
years 1987 through 1991. 

(B). OB/OD modeling runs for the Rocket Test Facility (RTF) were performed using the following source 
characteristics:  2,000 pounds of solid rocket propellant are fired per event; one rocket test event is conducted 
per day; the heat content of the waste propellant is 1,000 calories per gram (default value); and, the burn rate 
of the material is 15,500 grams per second (default value). 

(C). A site-specific OB/OD emission factor for PM10 was used.  The molecular weight and density values for 
aluminum oxide (Al2O3) were utilized since physical constants are not available for total PM. 

(D). The OB/OD model automatically calculated the particle-size distribution for PM10 over a range of 20 size 
categories. 

 



Table #2 – Updated Air Dispersion Modeling Results for PM10 Emissions from  
Rocket Test Operations at Orange County Facility 

Predicted Maximum Ambient Air Concentration (ug/m3) 
Calendar Years 1987 Through 1991 (A, B) 

Pollutant (C, D) 
Averaging 

Period 1987 1988 1989 1990 1991 

24-Hour 8.36 8.37 8.35 8.35 8.37 PM10
 

Annual 0.37 0.43 0.44 0.52 0.45 

 
(A). Maximum ambient air concentration of particulate matter (as PM10) at ground level as predicted by the Open 

Burn/Open Detonation (OB/OD) dispersion model.  Concentrations are reported in units of micrograms per 
cubic meter (ug/m3).  Modeling was conducted using meteorological data for Dulles Airport for calendar 
years 1987 through 1991. 

(B). OB/OD modeling runs for the Rocket Test Facility (RTF) were performed using the following source 
characteristics:  2,000 pounds of solid rocket propellant are fired per event; one rocket test event is conducted 
per day; the heat content of the waste propellant is 1,000 calories per gram (default value); and, the burn rate 
of the material is 15,500 grams per second (default value). 

(C). A site-specific OB/OD emission factor for PM10 was used.  The molecular weight and density values for 
aluminum oxide (Al2O3) were utilized since physical constants are not available for total PM. 

(D). The OB/OD model automatically calculated the particle-size distribution for PM10 over a range of 20 size 
categories. 

 

 



Table #3 - Comparison of Updated Air Dispersion Modeling Results for 
PM10 Emissions from Rocket Test Operations to the NAAQS 

 PM10 Concentration (in ug/m3) (A-D)  

Averaging 
Period 

Emissions 
from RTF (E) 

Background 
Value (F) Total PM (G) NAAQS (H) 

Pass or 
Fail (I) 

24-hour 8.37 43 51.37 150  Pass 

Annual 0.52 17 17.52 50 Pass 

 
(A). Open Burn/Open Detonation (OB/OD) modeling was conducted using meteorological data for Dulles Airport 

for calendar years 1987 through 1991.  Concentrations are reported in micrograms per cubic meter (ug/m3). 

(B). OB/OD modeling runs for the Rocket Test Facility (RTF) were performed using the following source 
characteristics:  2,000 pounds of solid rocket propellant are fired per event; one rocket test event is conducted 
per day; the heat content of the waste propellant is 1,000 calories per gram (default value); and, the burn rate 
of the material is 15,500 grams per second (default value). 

(C). A site-specific OB/OD emission factor for PM10 was used.  The molecular weight and density values for 
aluminum oxide (Al2O3) were utilized since physical constants are not available for total PM. 

(D). The OB/OD model automatically calculated the particle-size distribution for PM10 over a range of 20 size 
categories. 

(E). Maximum ambient air concentration of particulate matter (as PM10) at ground level as predicted by the 
OB/OD dispersion model.  The maximum 24-hour average concentration will occur in calendar year 1988, 
whereas maximum annual average concentration will occur in 1990. 

(F). Background concentrations of PM10 in ambient air.  The Virginia Department of Environmental Quality 
provided the appropriate data. 

(G). Total ambient air concentration of PM10 is equal to sum of the RTF emissions plus the background value. 

(H). The regulatory criteria for PM are the federal National Ambient Air Quality Standards (NAAQS).  The 
NAAQS for PM10 are 150 ug/m3 (24-hour average) and 50 ug/m3 (annual arithmetic mean). 

(I). If the predicted total concentration is less than the applicable NAAQS, then the emissions are acceptable from 
an air quality standpoint. 

 



 

Inventory of Enclosed Documents 
 
Technical documentation in support of the Opacity Variance for the rocket motor testing 
operations at the Orange County facility are listed below and are available in electronic form: 
 
(1). Edited Output Files for Updated OB/OD Modeling Runs for PM for Calendar Years 1987 

Through 1991 
 
(2). Input and Output Files for All Updated OB/OD Modeling Runs for PM (Four Files Per 

Run) 
 
(3). Edited Output Files for OB/OD Modeling Test Runs for Pressure and Humidity 
 
(4). Input and Output Files for All for OB/OD Modeling Test Runs for Pressure and Humidity 

(Four Files Per Run) 
 








